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29!!9!W
LA311PFia ● rnulti-purpoee hiuh-intensity “meson

factory” capable of proaucing ● 1 MA basin of 800-BW
protone. The three target cellc ●nd the bmm stop
fecilitiee in the high intensity ● rea have many spaciel
design featuree that ● re required for operation in the
presence of high heat loads ●nd intense radiation
fielde where ●ccessibility ie utremely limited.
Reliable targets, beam windowe, beam ●top,, beam
trenaport ●nd diagnostic components, vacuum ●nclosure,
●nd ●~xillary ●ystema have bean developed.
Sophisticated remote-handling ●yatema ● re employed for
maintenance. Complex protection systemo have been
developed to guard ●gainet damage caumed by ● rrant
beam. Beam availability approaching 90% ham been
●chieved ●t currents of 600-700 uA. A new facility for
direct proton and neutron r~ iation ●ffects ●tudiea
will be installed in 1985. The new fecility will
provide ●n integrated ●pnllation neutron flux of up to
5 x 101~ m-za-l and will ●nable proton irradiation
ctudiea in the primary beam.

Overall Deeign Featurea

LAKPi ia ●n 800 !leV proton linac capsble of
afmultaneously ●cceletatlng H- lone to ●nergieo in the
2@0-bOO HeV range. AII overview of LAKPF waa presented
●t the 1981 ICANS meeting in a paper entitled
“Operating ~perience with the Meson Factories,” by
R. ,1. Kacak. The principal deoign goal for LA34PFwca
to provide high-inteneity (up to 1000 MA) proton beama
for “meo?n factory” use for s number of non-interfering
secondary beema cf pionc and muone, while S1OO
providing low-inteneity variable-energy polsrized ●nd
unpolarized primry beamao ●nd ●dditionally providing
hinh-peak-intennity 800 HeV proton beams for a pulsed
neutr n facility ●t the Ueapone Neutron Reeearch (WNR)
●rea. ? Starti~g in 1985, LAMPF WI1l ●lao provide up to
100 IIA of H- beam for inj.ction into the 8 0 NaV Proton
StoraSe Ring (PSR) now undei conetructlon. !!

A Layout drawing of the LAKPF ●xperimental areas
10 given in Fig. 1. Low lnteneity beam from the
accelerator ie hen* 45n to thw laft ●t the owitchyard
to oerve tha naede of ●xperimanta that utilize variable
●nergy protone and noutrnno ●t three target Jtationa.
High-pe6k-current bream la bent 90° to the right ●t the
●witchyard for dolitcry to the UNR end the PSR ●reaa.
The M8h-intensity main beam, currantly operating ●t
about ~OU UA average curren: with ● macroecapic duty
factor of ●in parcent, ie transported through the
awitchyerd to Beam Area A where It paaaea ●uccesaiv~ly
through three grcphite production tar~ete that ●arve
●ix pion ●nd muon baame. After peoalng throuRh the
three tar~ete, the reoiduml beam (reduced to ●bout
745 MaV it.●nergy ●nd to ●bout 2/3 of the incidmnt
current) le tranop tted to the beam ●top ●rea for
‘aotope production, 3 neutron and proton irradiation
●tudiee, ●nd neutrino ●rperimento.

TtIe uae of sequential targetn ma!,datee ●everal
deei~n ~haracteriotice. ?ranapart ●lamenta ●uet be
ecaled to handle baama of larse vhaas epace.
Quadruple focusing ●lements must be placed ●o cloee ar
poeoible downstream of the taraote to wmtaorve uoeful
beam. Collimator cepab]e of ●ccepting hish power
levelt ●rt needed CO ohield tranaport elcmanto,

&
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diesnoecic devices, and vacuum jointe from intenee heat
loade.

Operation ●t very high intensity require@ accurate
knowledge of beam optics, precioion in beam tuning, and
the utilitatfon of special radiation-hardened
diagnostic devices (ace “Radiation Raaiatant Beam

%=;;:);~ Y;;-~~;~ente;aZ-~;t;;g~ce;~~n~;~~
protection ●yetemc ●gainct’ faulty beam control mat be
provided, aa a miaateered high-intensity beam could
cauae severe component damage in times of the order of
● ●econd.

Target ●nd beam ctop ●rees must be heavily
shielded, and, of course, become highly ●ctivated.
Residual gamma ray levele up to 105 R/h have been
observed ●t LANPF. Mainteaa,lce and replacement of
target. ●nd beam lina r.ompocente must be done by remote
handling mathoda in order to ●void unaccep-nble
radiation docee to personnel. At LA313PF,the “Monitor”
system of special components, toole, ●nd mobile
manipulator la uued for remote maintenance. Key
●lemento of this ●yetem include highly maneuverable and
flexible manipulator mounted on e remotely controlled
hydraulic boom, remote-control television viewing
systems, ●nd r~mote crane controls. See another paper
p:eeented at this conference for more detaile:
Handling ●t LAMFF,”

“pmote
by D. Griaham ●nd J. Lambert.

Auxiliary ●yateme require special ●ttention at a
high-intensity facility. Water-cooling ●yotema ❑ust be
deeigned for high level~ of ●ctivation, including the
genaratlon of large quantities of tritiurn and ‘Be.
Maintaining high-purity low-conductivit: water syatemo
ie particularly difficuit in high radiation areaa.
Vacuum syetama cannot be ●xhauated into personnel ●reae
or ●xperimental caves.
production of 10c, llc, 13f~r’6~tiy;~;nd(::f;~ w;h
occur where ❑ain beams or ●cattered beamo paas through
●ir. Uacte productc ●nd tro~h from beam ●reas p~se a
hatar? tv personnel ●nd precaution must be taken to
protect the local ●nvironment.

Target Cell Featuraa

lAMPF’@ intense beam- place ●xtreme operational
requirements cm plon-production targata, target cell
components, ●nd shielding. Targete and nearby
compononte must operate ●t high tampar~turea in ●

vacuum ●nd it intanee radiation fields. iluring routine
oparation, the beam power 10 more than 500 kW, ●nd
naarly 1 MU of power wae delivarad during .s recenL 1200
UA teot run. This power ia dlctributed between three
tarBet cello ●nd the bnam ●top ●rea, with the latter
●baorbing ●bout 2/3 of the total. Target cell
●ncloaurea ●nd component ●re water cooled, ●e arc the
vacuum window ●nd the beam otop. Materials of choice
include ●tainleee ●teel for ●ncloour ’a and Inconel 718
ior beam windowe, with OPNC copper being uoed for
cc,llimatore ●nd the beam-abaorbins plctee of tha beam
etop. A drawing of the LAFiW beam stop deoign 10 ●hewn
in FIB. 2. W failutea have been ●xperienced with this
deuisn. Targst box ●ncloeurea now ●mploy ● double-wall
deai~n with highly ●ffective cooling provided by
carafully directgd water circulation batweon th~ two
jacket-. Regione ot hiShect heat load have coppnr
ineorte that ●re welded diractly to ●tminleam ●teel.
FIs. 3 ohowm the newest. LAMPF tar~ot b~x, Wit h
collimated chann*la for two ●econdary beam! ‘D3 ●nd
SHC) ●nd a radiatively-poolad rotetina wheel at.
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Fig. 1. LAWF Expariaantal Araas

Vacuum ●nclosuroa ●nd collimator ●rc wbjactcd t J

heat-cycllng ●C .omperaturan in tha 300 C ranga, wh.la
tamparaturoc of ●bout 500 C have boon obaerwd on the
main baam window. A1l-atal vacuum saals arc locotad
●way from tho high haaclng rataa ●nd ●ra ●hioldod for
minimal thermal cycling. Uatar-coolod t@rSot boxos ●nd
baam line componanto ●t LAMPF •~~ mort fully d~acrihd

~;;;:~:is&$vy” ‘~~~~;;;;on andt;~h~.~rovi;;i
continually dov~lopod to incr~aos oparatio~el
reliability ●nd lifotima, and ●CIW9C0 to ●a,o
installation, mli~nmont, ●nd removal by rowta hndling
●ra otaadily improv~d.

Craphit@ tarotts of tvo diff~rcnt typaa ● usad
for pion production ●t I.AMPF. At two tar~at calls,
rotating-whoal radiation-cotiled polycrysto)lino
Sraphttt targer. n ●ra uaad , sshilo ● ssctcr-c~olb.!
pyrolytic graphlta tar8@t i. uood ot tho third r.ar~~t
●tation. Both of rho.. baolc tarts! dtalsns fsavc batn
●ucc@sofully developed to th- point of hi~h
w~~t~b~lity, Tho principal doolfl!l concorn for tha
: otatin~ target ham basn wif.h t ho baarintn.
:iatiafactory ptrforunc~ is now obtaintd from ts-risw
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sming ● propti~tary powda r wtsllurgy product
cosstbining MSZ. Tha principal concarn for t ha
st8t$oaAry pyrolvtic 8raphic target h-: baan
dota:ioratiost of stron8th ●nd conductivity, ●ccompaulaj
by mt~rial ●walllrq. Thf.a occurs in che am.sll
ham-coot ●res whtrt thormxl struoaarn and radiation
de-Afla aro axtromo. TarRat dovalopmnt ●t LNIPF ●nd
dorailod descriptions of tho tar80t4aaosmbliao arc

pr.viouc kublicat/~n~&2f8 proc’gain” ●ndinthra’
Sivan aloawhar-

Masnata and bum diacnootic inatrumantation sumt
bu ●blt to msrvivo tha ●atr,mc radiation ●nd hwt
condition in thx tarsot cello. Thaa$ dwicoo ●rc

dascrlbad slsowhort in thooa Procood\n80.
MaoOiva @higldin8 ●nd hi-h ssctivotlon lavola

combine to limit vwy •~v~roly tho ~pportunity to carry
out rout Ln* troublo-shootlnt ●fforts. Eiactriral
fmlltc, vacuum l@akO, coolinB watar loako, .Cc., cmn
●nd do occur dc~p within tha uhiolding. Bream
componmsta ●ra 8an*tally inaccocolbl~ quickly, and arc
●lwayc unapproachable. Thio nocomsitataa tha ●doption
of ●paciul tachniquaa for dlacnoaing hardwaro probiama.
Thaaa inciuda thu uao of redundant intarlock ●yatamn,
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special cxbling, ●nd the mployment of numerous
~r~poeitioned tube- that penetrate the ●hieldinu to
●nable helium leek checking.

beyond the cwitchyard, components of both ayatems mumt
be long-lived, radiation resistcnt, ●nd remotely
●ervlceable. . .

/

Beam profiles ●re obtslned by ●ampllng eecondary
●mieelon signals from wire scannere or wire grids known

z+
ae Iurpe. Wire ccannera are used in ●reas of handa-on

# maintenance, ●uch ●s the beam ●witchyard. while

y ‘%eexelTuwtnk
%et8rcoeNa.w

Fig. 2. LAUPF Beam Stop

Fig. 3. A-2 Target Chamber

Beam Diagnontico ●~d Protection Syetemn

A comprehenuiv~ @y@tam of beam diagnooticc ●nd
beamline protection devices and instrumentation ic in
placa for the niRh intenoity primary beamlinw. In ●

papar of thie length, only ●alectod pointa can be
mentioned. Additional infomtlon
othsr papero

~ ,presantad in two

●t ‘hi’ c0nfereYf:f2’ ●nd ‘n priordocumentation in the literature.
In Beneral, beam (iacnootic instrumentation ie

umod to obtain data, cuch ●m beam pooition, ●pot siaee
●nd 100SOC, which ●ru uneful for tuning ●nd ●onitorin~
iuportant beam paramatern. The emphasis tire ie on
●ccurecy, large dynamic range (0.1-1000 MA),
complatonaao and flexibility. Computerised data
●cquisition, pro:eauin~, lo8ging, ●nd display in the
central control room ●re neceoaary faaturco for
●ffectivo control of the beam.

Protection devlcea ●nd inotrwmw,tation, while
often ueeful for diasnoetic purpoaea, have ●e thair
-in function tha provantion of phyoical damqe to
beamllne component from wrant, hish-powarod baas.
Fact, ●utowatic reopons~, redundancy, fail-oafe, hi~hly
roiiabla operation, ●nd credibility with operations
p*roonnel ●re import*nt rriteria for the protection
●yotemo peroonnel protection ie ● relsted, but
eaparotc, jaeue not diecuoeed here. In the meeon ●rea

ratiiation-herdened harpa are In place in the primary
beamline of the meson ●rea. A ●chemetic layout of the
A-2 Target Call ie ●hewn in Fig. 4.

my

Fig. k. Layout of the A-2 Target Cei~

Harpc ●ro loc~tad at the ●ntrance and exit of the
target cell and ●t two interior pointc. The spot olzes
obtained ●t :heee four location- ●re ●ufficien., in
principle, for ● completa determinacisn of the beam
●nvelope paramatara including ●xtrapolation to th~
production target, In practice, the uncertainties in
the profile meacu-ementt and the magnet tranoport
parameterti combine to produce lar~er-then-desired, but
etill ●cceptable, uncertaintioa in ths @pot oize
●stimate ●t the target. A profile measurement closer
to the Largat would be desirable for greater ●ccuracy;
howevar, &he difficulties of retrofitting ●nd of
opefating cloee to the target ●re likely to prohibit
●ny improvements in the near future.

Beam currente ate ●ccurately (-1 uA) waaeurad with
toroido configured ●n beam current tranaformcra. Beam
halo- or spill” ●ro ●enecd in the ●econdary ●misnion
guard rin$a located in front of collimetorfi. In the
lowet-epill ●raao, ●uch ct the beam awitchyard, beam
spine ●re detected by ecintillator detacto~’u.

‘i’ha beemline protection ●yatcm 1s componed of a
number of fixed-a~rture collimator. for paaoive
protection of co8ponantc, pluo herduired
lnotrumentetlon which doterrn unacceptable opersting
condition ●nd ●ither shuts down tho bnam ccmplttoly or
●utomatically limits the current to ●cceptebla Ievtla.
‘Typical locatione for collimetoro ●rc ●loo chown in
Pig. 4. Collimetoro are the limitirqi ●pertwres of the
beamlinel they oarve to ●hiold component- flori
●xceoaive beam-induced heat loeds snd to reduce or
limit ●puriouo radiation-induced ulgnalo 011
inctruwntationo
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boulous orerall beam Iosaea which &xcead prosot
tolersaces ●e ●eaoed by ● herdwirod tranmsission
●onitor based on beam currant-sensing toroidm. goam
spillc ●re directly detected ●t specific locations by
the systex of ●econLary uiosion guard zla@ ●nd
scintillation detectorc mentioned oarliar. A21 of
tbeae inatrunonta limit t-he ●varago currant chrou~h the
m-called ‘fast protect” syctom. 1s thlt manner, the
current is Mmlted to ● safe level, but eaoqh beam is
●vallabla for tuning or trouble-dmetitig. .

T~perature eeneora ●re radiation-ho rdaned
thermocouples or thermal Switcboc . Boom im
automatically laterruptad when ucessive temperatumo
●e eoaned at critical locctlonn, such co a wscuum
flange or the VmCUIE window ●t the ●nd of the boas21n0.
Poor TBCUUU interferes with proper functioalnc of
berpo, guard riage, ●nd current monitorm. Poor vacuux
reault8 in more rapid oxidation of targete ●nd la often
● precursor of ~reater dlfficultlem. ?or thaee
roaaous, beam 18 also in ●rrupted when the primary
hemline vacuuB axceedn 10-$ Torr.

Seneor data and status iaforutioo frm the
protection oyetem ●re ●cquired by the control control
compucer for lo~cinc ●nd monltorin8 purposoa; hawerer,
we do not rely on c~puter processing for thr decision
to interrupt beam. Dedicated ●oalog ●lectro~ico and
herdwired :Oglc ●lewnta procass sisnals ●nd
●utomatically interrupt the ham when pre-eotsbliehod
condi~lonc ●re detected. Operating ●zperiencc for
sereral yearc bes rhowo this to be ●n ●ffective system.
If barn pre~ented major ~ge from the ●ffacts of blgh-
powwod ●rrant bomo.

LAMPF hA@ been operatin8 ●t M#h intensity for
more tlwn five years, with ●?erage currents b:aduelly
.Itibin~ from 300 MAin eorly 1978 to per!odn of 700 UA
operation in lste 1982. A M8h intanslty beam test uaa
carried out Oucreosfully ●t 1200 UA 10 February 1983.
Bean ●vailability hoc been close to 90% Axing r-,cont
production runs. Tha yearly oporatlnS time, wimch io
oharply dependeot upon bdcetary straogth u well ●e
major maintenance seeds, will fall off to well below
3000 h of high-iotonoity research in 1983 ●fter several
yeara in the MOO h range. In ● typical year ●bout 60
nuclear ●cience esporimntm ●re carried out by ●bout
450 aclentlste, most of wha ale sabers of uoisersity
reeearch teams. The ●xperleental ●reas can sersa 10 to
12 simulcaneoua Oxperhents, ●xcluoive of plmed
neutron ●xperiments ●t tk UWU ?acilfty. The record of
LAHM’e hith iacensity operation to dote is presented
in ?1s. 5.

.

After roachin~ prOdUCthn currents of SOOUA
se~eral yours 40, LWP?’s mena8ement chose to
omphoslce hiqh reliability ●nd roeearch output inetead
of iaarocaed lntonaity. Tar~ot CO1l ●nd boew atsp
components that were mersirbel ●re beiag replaced or
upgraded ●s beam schodulee cod r~sourcoo Pe-it. Thw
no-l production current for the sear future 1s
●xpected to be 700 to 900 vA.

Through the devalepmat of locraaaingly ●dvanced
remote handling technique, oad throush the practice of
good staff di8clpline, it MS boon pocelble to hold
r~diatiom exposureo t. -+alnteacnce personnel to limits
that b?. aot Increaseti durhg the pest ●ix yaare--a
period when hardware ●ctivation hce incraaoed ●n order
of magaltude.

LAt@F*s basic schedule has ban changed to ●

fo-t of long ruaaing perfodm (-6 wathe) altsrnatlng
with lsnc shutdoune durin~ tbo 1982-1985 period. Such
● schedule allowe lengthy major l.mprovewntt to ho
carried out, ●nd” ●lmo reeulta la ●ume ●conoxy of
operation throuth the reduction of tune-up ●nd checkout
periods. In ● mojor facility upgrada that required a
full r-to hcndliag ●pproach, LMPF’e A-2 target call
usc c~pletaly rebuilt during the 1983 long ●hutdown.
Tbie will be followed by thr rop20cement of the A-1
target cell in 1984 ●nd ● 8ajor rericion of the beam
stop facility 10 1985.

Ileutroo ?arilitlms ●t LMPF

Although ● MjOl roeeorch program Utilixing
●pollution meutroam in bcaad ●t the Weapons Neutron
Meearch Pa lity iWtW, deccribad ●lsewhere in these

9proceedings, there ●xlots ●t LNW ●dditioool
opportunity for rulixing ● opallation oeutron flux.
At presant, ●t the beam stop ●ro~ (Tar8at Station A-6),
it la possible to ● se8ples in ● neutron flux of

~pl~.e of 8ight-1 M ic~~ g+e-l.~ ●pertures ●re
●wailable St 5° ●nd 135 r81stive to tho direct proton
beo8* IIautroas, so well ●c protoas, piona, ●ad other
●ecoadariem, ●e #eueratad .8 the lacldent proton ban
(-745 $tev at 300-700vA) interactc with isotope
production targete aad fiaelly with the beam stop.
Theee facilities hews been wed for ● limited auwber of
radiatioa domegeleffactm ●eudiec, ●s wall ●m for
8autron flux ●id $Wrtmm nosurewata.

Bow, s major upgrade of tho beao stop ares 10 la
progrcca. Thio af.ort ks practi~al application for
LAM?F! lmproted ●aviremoat for beax2ine diatnosticc,
lmprwed Aleldtng, the dlmlnotion of cracke to
oopturo ●ctiwatad @e, rowte hendltag sad shielded
trmeport of radiaoctiwe mterial, and rapid
repoir/replaca9ent of component or ●xperlnatal
hardware.

A wsw facility for both direct proton ●nd aeutron
radlatiov effects ctudias, improved facility for
h2gh-speed (“rabbit”) cad ultra-higir=speed (“oaa-jet”)
ifiotope identification, ●ad ●cceas for ●dditional
●xperlmerit initiatisee @ nuclear amd eolid state
pbycics, will bo provided ●t tho upgraded becmstop
●rm4.

AM penetrathae lato the MW target chamber ●re
vertical diield 9A*8 that ●upport iadlvidual
●xperhnnto or hew line mponente. A kosic demign
criterion 1- tbot ●ll ●ervicoa, ioaludiag COOMOBwater
sod eootruls maded for oqulpmnt oad ●xperistaat, be
aaerimd with the chleldtd howtloo plug for the
a-poMat thot thy corvlcQ. A21 coaoectfona wtll be
made ●t tbe tap of the ehlald plug. The lim-of-eight
aapobility ho. bees retahed.

The DOW deeign la ●bwn in ●chematic form in
Fi@. 6. 8eadling ●ad ●ubeekuent traneporl of
radioactive materlcl Lo ●ccompllchod by -ploylng ●

r-tely-eperated bottom-oatry ehielded cask, ●hewn
sche8aticGlly ill ?lg. 7.
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Fig. 6.

Fig. 7.

Ao

./ ‘\ -X-.-.!om ,,?r-. !
‘*.. -!..

d.-,,, d,

Schematic layout of the new
LANPF Target Station A-6.

n .--....

1s

Schemetic ●hewing the iemoval of ● shield
plug und ●xperiment. Not* th* ●cale.

●n ●id in th~ deei8n of thib facility, Nont*
Carlo celculetion~ (2) uain~ the Honta Carlo Cod@ for
the Traneport of heutronrn ●nd Protons (IIICNP) end tha
High I!norgy Transport Cede (HETC) were done to cive an
●@tinate of the ●xpected nautron ●nd ●econdary particle
flux snd opoctrum ●t ●ll locatione in thio f$cilily.
Theee reeultn Herr uted to deoign lhc plmcewent of
water-coolad ●fielding.

Fi8. E showe ●n ●xample of the rooults of the
calculation. Thle hlctogram pradictrn the mutron fJux
●nd spectrum ●djacent the sucond iootope producti~n
ter~et, Thie locstion wee found to have tho maximum
neutrol, flux in tha facility, ticcoruing to the
calculation. Here, with LJiPF ●t 1000 LIA, the
intogret d
., MJIMW” ‘lUX ‘0’ celculAted ‘0 hNotica that ●ubotantial numtwre of
high ●nergy (>20
Twelv@ indapervfent
will be aveilablo.

NeV) neutrone will be ●vaileble.
penetrations into this ueutron ●raa

.

[Nf R;v (?[,

Fig. 8. Neutron flux and spectrum near the second
Isotope Production Stringl.r calculated
with MCNP and HETC.

Plane call for the completion of this facility in
spring 1985. Several experiments nave been identified,
including a ●y~temetic study of materiala intended for
the German ●pallation neutron source (SNQ) target
wheel.
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